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To establish evidence whether baseline anemia and decreases in baseline hemoglobin
levels affect survival after transcatheter aortic valve implantation (TAVI), we per-
formed a meta-analysis of available studies. Studies considered for inclusion met the
following criteria: the design was a comparative study of patients with baseline ane-
mia versus those without baseline anemia or a cohort study investigating baseline
anemia (as a dichotomous variable) or baseline hemoglobin levels (as a continuous
variable) as one of prognostic factors of mortality; the study population was patients
who underwent TAVI; and main outcomes included early (30-day or in-hospital) or
late (including early) all-cause mortality. Study-specific estimates were combined in
the random-effects model. Our search identified 15 eligible studies including a total
of 11,657 TAVI patients. Pooled analysis demonstrated that baseline anemia was asso-
ciated with a statistically significant increase in early (p = 0.003) and midterm mortal-
ity (p < 0.0001) and that incremental decreases in baseline hemoglobin levels were
associated with a statistically significant increase in midterm mortality
(p < 0.00001). Pooled analysis of only adjusted estimates indicated that anemia was
independently associated with a statistically significant increase in early (p = 0.02) and
midterm mortality (p < 0.0001) and that incremental decreases in baseline hemoglo-
bin levels were independently associated with a statistically significant increase in
midterm mortality (p < 0.00001). In conclusion, baseline anemia and lower baseline
hemoglobin levels may be associated with increased early and midterm mortality
after TAVI. © 2018 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:306
−314)
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Baseline anemia is associated with increased early
mortality, acute kidney injury, and infection after sur-
gery and with increased early mortality also after car-
diac surgery.1

Anemia in percutaneous coronary intervention (PCI)
is independently associated with twofold increased mor-
tality, major adverse cardiovascular events (MACE),
and major bleeding, with risk elevation related to incre-
mental decreases in hemoglobin levels.2 Because blood
transfusion is more frequent in patients with anemia,
diagnosis of anemia may change clinical practice in sur-
gery and intervention. Blood transfusion also is indepen-
dently associated with threefold increased mortality and
MACE after PCI with dose-dependent adverse influence
on mortality.3 Although several studies reported impact
of baseline anemia and hemoglobin levels on survival
after transcatheter aortic valve implantation (TAVI) for
patients with severe aortic stenosis, no meta-analysis of
them has been conducted to date. In the present article,
to establish evidence whether baseline anemia and
decreases in baseline hemoglobin levels affect survival
after TAVI, we performed a meta-analysis of available
studies.
Methods

All studies investigating impact of anemia and hemoglo-
bin levels on survival after TAVI were identified using a 2-
level search strategy. First, databases including MEDLINE
and EMBASE were searched through June 2018 using
Web-based search engines (PubMed, OVID). Second, rele-
vant studies were identified through a manual search of sec-
ondary sources including references of initially identified
articles, reviews, and commentaries. All references were
downloaded for consolidation, elimination of duplicates,
and further analysis. Search terms included anemia, anae-
mia, anemic, anaemic, hemoglobin, haemoglobin, hemato-
crit, or haematocrit; percutaneous, transcatheter,
transluminal, transarterial, transapical, transaortic, trans-
carotid, transaxillary, trans-subclavian, trans-subclavian,
transiliac, transfemoral, transiliofemoral, or transcaval;
aortic valve; and implantation or replacement.

Studies considered for inclusion met the following
criteria: the design was a comparative study of patients
with baseline anemia versus those without baseline
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anemia or a cohort study investigating baseline anemia
(as a dichotomous variable) or baseline hemoglobin lev-
els (as a continuous variable) as one of prognostic fac-
tors of mortality; the study population was patients who
underwent TAVI; and main outcomes included early
(30-day or in-hospital) or late (including early) all-cause
mortality. Data regarding detailed inclusion criteria, def-
inition of anemia, duration of follow-up, and early and/
or late mortality were extracted (as available) from each
individual study.

For each study, data regarding mortality in both the
anemia and nonanemia groups were used to generate
odds ratios (ORs) and 95% confidence intervals. Other-
wise, ORs and hazard ratios (HRs) for mortality (prefer-
entially adjusted, not but unadjusted, estimates) reported
in individual studies were directly extracted, or HRs
were calculated from Kaplan-Meier curve data or sum-
mary data using the HR-calculations spreadsheet pro-
vided by Tierney et al4 based on statistical methods
reported by Parmar et al5 and Williamson et al.6 Study-
specific estimates were combined using inverse vari-
ance-weighted averages of logarithmic ORs/HRs in the
random-effects model. Publication bias was assessed
graphically using a funnel plot and mathematically using
the linear-regression test. All analyses were conducted
using Review Manager version 5.3 (available from
http://tech.cochrane.org/revman) and Comprehensive
Meta-Analysis version 3 (Biostat, Englewood, NJ).
Results

Our search identified 15 eligible studies7−21 enrolling
a total of 11,657 TAVI patients. Patient, echocardio-
graphic, and procedural characteristics are summarized
in Table 1 and Supplementary Table S1. There were 7
comparative studies7−13 of patients with baseline anemia
versus those without baseline anemia and 8 cohort stud-
ies14−21 investigating baseline anemia (dichotomous var-
iable)15,18 or baseline hemoglobin levels (continuous
variable)14,16−21 as one of prognostic factors of mortal-
ity. Anemia was defined as hemoglobin levels < 13 g/dl
in men and < 12 g/dl in women according to the defini-
tion of the WHO (World Health Organization) in all the
7 comparative studies,7−13 < 10 g/dl in a cohort study,15

and < 12.5 g/dl in another cohort study.18 In a compara-
tive study,7 patients with anemia were classified into ter-
tiles of mild (12.0 to 12.99 g/dl in men, 11.30 to
11.99 g/dl in women), moderate (10.80 to 11.99 g/dl in
men, 10.23 to 11.29 g/dl in women), and severe anemia
(< 10.80 g/dl in men; < 10.23 g/dl in women), and fur-
thermore all patients were divided into 3 (no/mild, mod-
erate, and severe anemia) groups. We combined the
moderate and severe anemia groups, and considered the
combined group as an anemia group. For anemia (as a
dichotomous variable), adjusted ORs/HRs of early mor-
tality could be extracted from 3 studies,9,10,12 and those
of midterm mortality from 6 studies7,10,12,13,15,18

(Table 2). For hemoglobin levels (as a continuous vari-
able), adjusted HRs of midterm mortality could be
extracted from 6 studies10,16,17,19−21 (Table 3), and only
2 HRs of early mortality,10,17 which we did not combine
in a meta-analysis, was available.

Pooled analysis demonstrated that baseline anemia
was associated with a statistically significant increase in
early (Figure 1) and midterm (1 to 3 year) mortality
(Figure 2) and that incremental decreases in baseline
hemoglobin levels were associated with a statistically
significant increase in midterm (1 to 2 year) mortality
(Figure 3). Pooled analysis of only adjusted estimates
indicated that anemia was independently associated with
a statistically significant increase in early (Figure 4) and
midterm mortality (Figure 5) and that incremental
decreases in baseline hemoglobin levels were indepen-
dently associated with a statistically significant increase
in midterm mortality (Figure 6).

To assess publication bias, we generated a funnel plot
of the logarithm of effect size (OR/HR) versus the pre-
cision (reciprocal of standard error) for each study.
There was no statistically significant funnel-plot asym-
metry (suggesting publication bias) in anemia for early
(p = 0.89; Figure 7) and midterm mortality (p = 0.16;
Figure 8) and in hemoglobin levels for midterm mortal-
ity (p = 0.06; Figure 9).
Discussion

Results of the present analysis suggest that baseline
anemia and lower baseline hemoglobin levels may be
associated with increased early and midterm mortality
after TAVI. In general, baseline anemia is a predictor of
worse outcomes after cardiac surgery and intervention.
A meta-analysis1 showed an association of anemia with
increased early (in-hospital/30-day) mortality after car-
diac surgery. In another meta-analysis,2 anemia pre-
dicted increased post-PCI (from in-hospital up to 4.5-
year) mortality and MACE. Incremental decreases in
hemoglobin and hematocrit levels were also associated
with worse mortality.2 These findings may strengthen
the present results. In patients who underwent TAVI
who are older and considered to be high risk for surgery
because of multiple comorbidities, the etiology of ane-
mia is multifactorial, that is due to nutritional (e.g. iron,
vitamin B12, and folate) deficiency, the presence of
chronic (e.g. diabetes and renal failure) and inflamma-
tory diseases (e.g. rheumatoid arthritis), and any myelo-
dysplastic syndrome as well as occult bleeding from the
gastrointestinal tract,13,22−24 which may partially explain
worse survival after TAVI with baseline anemia.

Baseline anemia is associated with increased incidence
of transfusion after TAVI,7,8,10−13 and transfusion per se
may independently predict increased 30-day17 and mid-
term25−27 mortality after TAVI. Meanwhile, baseline ane-
mia per se may be associated with increased mortality after
TAVI independently of transfusion as well as other covari-
ates. In the present analysis of only adjusted estimates, ane-
mia independently predicted increased early (Figure 4) and
midterm mortality (Figure 5).

Despite not addressing in the present analysis, not
only baseline but also postprocedural anemia may be
associated with increased mortality after TAVI. Arai et
al7 reported an association of increased severity
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Table 1

Patient characteristics

Comparative study

Study Reference Patient number Anemia (%) Hb (g/dl) Age (years) Men (%)

Total Anemia Nonanemia Definition Anemia Nonanemia Anemia Nonanemia p Anemia Nonanemia p

Arai (FRANCE 2) 2015 7 3472 1335 2137 WHO* 38.5 10.4 13.1 82.4 82.7 N/A 54.0 49.0 N/A

DeLarochelli�ere 2015 8 438 282 156 WHOy 64.4 10.8§1.1 13.4 §1.0 80§8 78§9 0.020 51.8 43.6 0.101

Hellhammer 2016 9 376 239 137 WHOy 63.6 11.0§1.1 13.6§1.1 82§6.2 81§5.9 0.101 46.9 40.1 0.207

Nuis 2013 10 1696 969 727 WHOy 57.1 11.0§1.1 13.6§1.0 81§7 80§7 0.001 55.8 47.2 < 0.001

Rheude 2017 11 549 249 300 WHOy 45.4 11.0§1.1 13.8§1.1 82§6 80§6 < 0.001 54.6 54.3 0.947

Seiffert 2017 12 1201 707 491 WHOy 58.9 N/A 82.1 (76.4−85.6) 81.9 (76.9−85.3) 0.854 53.3 41.3 < 0.001

Van Mieghem 2011 13 118 58 60 WHOy 49.2 10.8§1.1 13.4§1.1 82 (78−86) 82 (78−86) 0.85 39.7 46.7 0.44

Cohort study

Study Reference Patient number Anemia (%) Hb (g/dl) Age (years) Men (%)

Collas 2016 14 197 N/A 12.2§1.4 82 (77−86) 46.2

Debonnaire 2015 15 511 Hb < 10 g/dl N/A 12.1§1.6 82 (77-86) 38.0

Duckheim 2017 16 374 N/A 12.3§1.58 82.3§6.5 49.7

Esc�arcega 2015 17 332 N/A 11.4 82 51.2

Gotzmann 2013 18 202 Hg < 12.5 g/dl N/A 12.5§1.6 79§6 47.0

ITER (Salizzoni) 2016 19 1904 N/A 11.8§1.6 81.7§6.2 39.8

Seiffert 2014 20 845 N/A 11.9§1.7 80.9§6.5 48.9

TOPAS-TAVI (Ribeiro) 2018 21 287 N/A 11.9§1.7 80§7 72.1

FRANCE = French Aortic National CoreValve and Edwards; Hb = hemoglobin; ITER = Italian Transcatheter Balloon-Expandable Valve Implantation Registry; N/A = not available; TOPAS-TAVI = true or

pseudo-severe aortic stenosis-transcatheter aortic valve implantation; WHO =World Health Organization.

Continuous variables are expressed as number, percent, mean, mean § standard deviation, or median (interquartile range).

*Hb levels < 12.00 g/dl in men and < 11.30 g/dl in women (excluding "mild" anemia).
yHb levels < 13 g/dl in men and < 12 g/dl in women.
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Table 2

Odds and hazard ratio (OR and HR) of mortality for anemia

Study Reference Early mortality Late mortality

Flow-up Point estimate [95% confidence interval] Flow-up Point estimate [95% confidence interval]

Arai (FRANCE 2) 2015 7 30 days Unadjusted OR, 1.41 [1.08, 1.84] 1 year Adjusted HR, 1.44 [1.28, 1.63]

Debonnaire 2015 15 N/A 1 year Adjusted HR, 2.03 [1.11, 3.73]

DeLarochelli�ere 2015 8 30 days Unadjusted OR, 0.77 [0.36, 1.66] 1 year Unadjusted HR, 1.14 [0.69, 1.89]

Gotzmann 2013 18 N/A 1.5§0.9 years Adjusted HR, 3.62 [2.025, 6.468]

Hellhammer 2016 9 30 days Adjusted OR, 2.10 [0.70, 6.29] N/A

Nuis 2013 10 30 days Adjusted HR, 1.732 [0.96, 3.12] 1 year Adjusted HR, 1.42 [1.12, 1.81]

Rheude 2017 11 In hospital Unadjusted OR, 1.82 [0.30, 10.96] 1 year Unadjusted OR, 5.29 [2.49, 11.23]

Seiffert 2017 12 30 days Adjusted HR, 1.60 [0.43, 5.99] 3 years Adjusted HR, 1.13 [0.79, 1.61]

Van Mieghem 2011 13 30 days Unadjusted OR, 0.87 [0.28, 2.77] 1 year Adjusted HR, 2.10 [1.06, 4.18]

Total − − 1.39 [1.12, 1.72] (Figure 1) − 1.74 [1.35, 2.25] (Figure 2)

Total, adjusted only − − 1.78 [1.10, 2.88] (Figure 4) − 1.62 [1.29, 4.18] (Figure 5)

FRANCE = French Aortic National CoreValve and Edwards; N/A = not available.

Table 3

Hazard ratio (HR) of mortality per 1-g/dl decrease in hemoglobin levels

Study Reference Early mortality Late mortality

Flow-up Point estimate [95% confidence interval] Flow-up Point estimate [95% confidence interval]

Collas 2016 14 N/A 1 year Unadjusted HR, 1.32 [1.03, 1.68]*

Duckheim 2017 16 N/A 1 year Adjusted HR, 1.24 [1.04, 1.47]*

Esc�arcega 2015 17 30 days Unadjusted HR, 0.95 [0.70, 1.28]* 1 year Adjusted HR, 1.12 [0.94, 1.33]*

Gotzmann 2013 18 N/A 1.5§0.9 years Unadjusted HR, 1.47 [1.238, 1.742]*

ITER (Salizzoni) 2016 19 N/A Median, 2.1 years Adjusted HR, 1.11 [1.02, 1.20]*

Nuis 2013 10 30 days Adjusted HR, 1.11 [0.95, 1.30]* 1 year Adjusted HR, 1.14, 1.06, 1.23]*

Seiffert 2014 20 N/A 1 year Adjusted HR, 1.15 [1.05, 1.27]*

TOPAS-TAVI (Ribeiro) 2018 21 N/A 2 years Adjusted HR, 1.27 [1.11, 1.45]

Total − − Not performed − 1.19 [1.12, 1.26] (Figure 3)

Total, adjusted only − − Not performed − 1.15 [1.10, 1.20] (Figure 6)

ITER = Italian Transcatheter Balloon-Expandable Valve Implantation Registry; N/A = not available; TOPAS-TAVI = True or Pseudo-severe Aortic Steno-

sis-Transcatheter Aortic Valve Implantation.

* Calculated using unadjusted/adjusted HR of mortality per 1-g/dl increase in hemoglobin levels.

Figure 1. Forest plot of odds and hazard ratios of early mortality for baseline anemia. CI = confidence interval; FRANCE = French Aortic National CoreValve

and Edwards; IV = inverse variance.
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Figure 2. Forest plot of odds and hazard ratios of midterm mortality for baseline anemia. CI = confidence interval; FRANCE = French Aortic National Core-

Valve and Edwards; IV = inverse variance.

Figure 3. Forest plot of hazard ratios ofmidtermmortality per 1-g/dl decrease in baseline hemoglobin levels. CI = confidence interval; ITER= Italian Transcatheter Bal-

loon-Expandable Valve Implantation Registry; IV = inverse variance; TOPAS-TAVI =True or Pseudo-severe Aortic Stenosis-Transcatheter Aortic Valve Implantation.

Figure 4. Forest plot of adjusted odds and hazard ratios of early mortality for baseline anemia. CI = confidence interval; FRANCE = French Aortic National

CoreValve and Edwards; IV = inverse variance.

Figure 5. Forest plot of adjusted hazard ratios of midterm mortality for baseline anemia. CI = confidence interval; FRANCE = French Aortic National Core

Valve and Edwards; IV = inverse variance.
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Figure 6. Forest plot of adjusted hazard ratios of midterm mortality per 1-g/dl decrease in baseline hemoglobin levels. CI = confidence interval; ITER = Ital-

ian transcatheter balloon-expandable valve implantation registry; IV = inverse variance; TOPAS-TAVI = true or pseudo-severe aortic stenosis-transcatheter

aortic valve implantation.

Figure 7. Funnel plot of odds and hazard ratios of early mortality for baseline anemia.
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Figure 8. Funnel plot of odds and hazard ratios of midterm mortality for baseline anemia.

312 The American Journal of Cardiology (www.ajconline.org)
(< 2 g/dl, 2 to 4 g/dl, and > 4 g/dl) in postprocedural
hemoglobin drop with differences in 30-day (5.9%,
6.0%, and 11.8%, respectively; p < 0.01) and 1-year
mortality (16%, 18%, and 23%, respectively; p < 0.01).
Postprocedural hemoglobin drop was also a predictor of
increased 1-year mortality independently of potential
confounders including baseline anemia.7 In the study by
Konigstein et al,27 ≥ 3 g/dl hemoglobin drop predicted
increased long-term (> 3 year) mortality independently
of potential confounders including transfusion. Further-
more, in patients with < 3 g/dl hemoglobin drop, trans-
fusion was associated with increased long-term
mortality; there was no difference in mortality between
≥ 3 g/dl hemoglobin drop without transfusion and
< 3 g/dl hemoglobin drop with/without transfusion; and,
in patients with ≥ 3 g/dl hemoglobin drop, transfusion
was associated with increased mortality. For the same
hemoglobin drop, transfusion may be a predictor of
increased long-term mortality.
We must interpret the present results with caution
in the context of limitations. First, anemia may be one
of surrogate markers of greater comorbidity and
frailty in patients who underwent TAVI, and inade-
quately adjusting for confounders such as comorbidity
and frailty burden may influence statistical results.2

Our pooled analysis of only adjusted estimates, how-
ever, did not substantially alter the results favoring
baseline nonanemia and higher baseline hemoglobin
levels. Second, publication bias unfavorable for base-
line anemia and lower baseline hemoglobin levels
may influence the present results. Exhaustively
searching the available literature, however, minimized
this risk, and the established statistical test did not
detect such bias. Third, the definitions of anemia were
a little heterogeneous. It is considered, however, that
the heterogeneity may not substantively change the
results of our analysis.

www.ajconline.org


Figure 9. Funnel plot of hazard ratios of midterm mortality per 1-g/dl decrease in baseline hemoglobin levels.
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In conclusion, baseline anemia and lower baseline
hemoglobin levels may be associated with increased early
and midterm mortality after TAVI.
Disclosures

The investigators have no conflicts of interest to disclose.
Supplementary Data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.amj
card.2018.09.042.
1. Fowler AJ, Ahmad T, Phull MK, Allard S, Gillies MA, Pearse RM.
Meta-analysis of the association between preoperative anaemia and
mortality after surgery. Br J Surg 2015;102:1314–1324.

2. Kwok CS, Tiong D, Pradhan A, Andreou AY, Nolan J, Bertrand OF,
Curzen N, Urban P, Myint PK, Zaman AG, Loke YK, Mamas MA.
Meta-analysis of the prognostic impact of anemia in patients
undergoing percutaneous coronary intervention. Am J Cardiol
2016;118:610–620.

3. Kwok CS, Sherwood MW, Watson SM, Nasir SB, Sperrin M, Nolan J,
Kinnaird T, Kiatchoosakun S, Ludman PF, de Belder MA, Rao SV,
Mamas MA. Blood transfusion after percutaneous coronary interven-
tion and risk of subsequent adverse outcomes: a systematic review and
meta-analysis. JACC Cardiovasc Interv 2015;8:436–446.

4. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical
methods for incorporating summary time-to-event data into meta-anal-
ysis. Trials 2007;8:16.

5. Parmar MK, Torri V, Stewart L. Extracting summary statistics to
perform meta-analyses of the published literature for survival end-
points. Stat Med 1998;17:2815–2834. Erratum in: Stat Med
2004;23:1817.

6. Williamson PR, Smith CT, Hutton JL, Marson AG. Aggregate data
meta-analysis with time-to-event outcomes. Stat Med 2002;21:
3337–3351.

7. Arai T, Morice MC, O’Connor SA, Yamamoto M, Eltchaninoff H,
Leguerrier A, Leprince P, Laskar M, Iung B, Fajadet J, Prat A, Li�evre
M, Donzeau-Gouge P, Chevreul K, Teiger E, Lef�evre T, Gilard M.
FRANCE 2 Registry Investigators. Impact of pre- and post-procedural
anemia on the incidence of acute kidney injury and 1-year mortality in
patients undergoing transcatheter aortic valve implantation (from the
French Aortic National CoreValve and Edwards 2 [FRANCE 2] Regis-
try). Catheter Cardiovasc Interv 2015;85:1231–1239.

https://doi.org/10.1016/j.amjcard.2018.09.042
https://doi.org/10.1016/j.amjcard.2018.09.042
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0001
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0002
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0003
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0004
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0004
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0004
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0005
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0006
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0006
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0006
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0007


314 The American Journal of Cardiology (www.ajconline.org)
8. DeLarochelli�ere H, Urena M, Amat-Santos IJ, Ribeiro HB, Allende R,
Laflamme L, Laflamme J, Paradis JM, Dumont E, Doyle D, Moham-
madi S, DeLarochelli�ere R, Côt�e M, Laroche V, Rod�es-Cabau J. Effect
on outcomes and exercise performance of anemia in patients with aor-
tic stenosis who underwent transcatheter aortic valve replacement. Am
J Cardiol 2015;115:472–479.

9. Hellhammer K, Zeus T, Verde PE, Veulemanns V, Kahlstadt L, Wolff
G, Erkens R, Westenfeld R, Navarese EP, Merx MW, Rassaf T, Kelm
M. Red cell distribution width in anemic patients undergoing trans-
catheter aortic valve implantation.World J Cardiol 2016;8:220–230.

10. Nuis RJ, Sinning JM, Rod�es-Cabau J, Gotzmann M, van Garsse L,
Kefer J, Bosmans J, Yong G, Dager AE, Revilla-Orodea A, Urena M,
Nickenig G, Werner N, Maessen J, Astarci P, Perez S, Benitez LM,
Amat-Santos IJ, L�opez J, Dumont E, van Mieghem N, van Gelder T,
van Domburg RT, de Jaegere PP. Prevalence, factors associated with,
and prognostic effects of preoperative anemia on short- and long-term
mortality in patients undergoing transcatheter aortic valve implanta-
tion. Circ Cardiovasc Interv 2013;6:625–634.

11. Rheude T, Pellegrini C, Michel J, Trenkwalder T, Mayr NP, Kessler T,
Kasel AM, Schunkert H, Kastrati A, Hengstenberg C, Husser O. Prog-
nostic impact of anemia and iron-deficiency anemia in a contemporary
cohort of patients undergoing transcatheter aortic valve implantation.
Int J Cardiol 2017;244:93–99.

12. Seiffert M, Conradi L, Gutwein A, Sch€on G, Deuschl F, Schofer N,
Becker N, Schirmer J, Reichenspurner H, Blankenberg S, Treede H,
Sch€afer U. Baseline anemia and its impact on midterm outcome after
transcatheter aortic valve implantation. Catheter Cardiovasc Interv
2017;89:E44–E52.

13. Van Mieghem NM, Nuis RJ, Tzikas A, Piazza N, Schultz C, Serruys
PW, de Jaegere PP. Prevalence and prognostic implications of baseline
anaemia in patients undergoing transcatheter aortic valve implantation.
EuroIntervention 2011;7:184–191.

14. Collas VM, Paelinck BP, Rodrigus IE, Vrints CJ, Van Craenenbroeck
EM, Bosmans JM. Red cell distribution width improves the prediction
of prognosis after transcatheter aortic valve implantation. Eur J Cardi-
othorac Surg 2016;49:471–477.

15. Debonnaire P, Fusini L, Wolterbeek R, Kamperidis V, van Rosendael
P, van der Kley F, Katsanos S, Joyce E, Tamborini G, Muratori M,
Gripari P, Bax JJ, Marsan NA, Pepi M, Delgado V. Value of the
"TAVI2-SCORe" versus surgical risk scores for prediction of one year
mortality in 511 patients who underwent transcatheter aortic valve
implantation. Am J Cardiol 2015;115:234–242.

16. Duckheim M, Bensch C, Kittlitz L, G€otz N, Klee K, Groga-Bada P,
Mizera L, Gawaz M, Zuern C, Eick C. Deceleration capacity of heart
rate predicts 1-year mortality of patients undergoing transcatheter aor-
tic valve implantation. Clin Cardiol 2017;40:919–924.

17. Esc�arcega RO, Lipinski MJ, Magalhaes MA, Baker NC, Minha S,
Okubagzi PG, Torguson R, Chen F, Ben-Dor I, Satler LF, Pichard AD,
Waksman R. Impact of blood transfusions on short- and long-term
mortality in patients who underwent transcatheter aortic valve implan-
tation. Am J Cardiol 2015;115:93–99.

18. Gotzmann M, Thiessen A, Lindstaedt M, M€ugge A, Ewers A. Left
atrial diameter, aortic mean gradient, and hemoglobin for risk stratifi-
cation in patients undergoing transcatheter aortic valve implantation.
Clin Cardiol 2013;36:228–234.

19. Salizzoni S, D’Onofrio A, Agrifoglio M, Colombo A, Chieffo A, Cioni
M, Besola L, Regesta T, Rapetto F, Tarantini G, Napodano M,
Gabbieri D, Saia F, Tamburino C, Ribichini F, Cugola D, Aiello M,
Sanna F, Iadanza A, Pompei E, Stef�ano P, Cappai A, Minati A, Cass-
ese M, Martinelli GL, Agostinelli A, Fiorilli R, Casilli F, Reale M,
Bedogni F, Petronio AS, Mozzillo RA, Bonmassari R, Briguori C,
Liso A, Sardella G, Bruschi G, Fiorina C, Filippini C, Moretti C,
D’Amico M, La Torre M, Conrotto F, Di Bartolomeo R, Gerosa G,
Rinaldi M. TAVI Team. Early and mid-term outcomes of 1904
patients undergoing transcatheter balloon-expandable valve implanta-
tion in Italy: results from the Italian Transcatheter Balloon-Expandable
Valve Implantation Registry (ITER). Eur J Cardiothorac Surg
2016;50:1139–1148.

20. Seiffert M, Sinning JM, Meyer A, Wilde S, Conradi L, Vasa-Nicotera
M, Ghanem A, Kempfert J, Hammerstingl C, Ojeda FM, Kim WK,
Koschyk DH, Schirmer J, Baldus S, Grube E, M€ollmann H, Reichens-
purner H, Nickenig G, Blankenberg S, Diemert P, Treede H, Walther
T, Werner N, Schnabel RB. Development of a risk score for outcome
after transcatheter aortic valve implantation. Clin Res Cardiol
2014;103:631–640.

21. Ribeiro HB, Lerakis S, Gilard M, Cavalcante JL, Makkar R, Herrmann
HC, Windecker S, Enriquez-Sarano M, Cheema AN, Nombela-Franco
L, Amat-Santos I, Mu~noz-Garc�ıa AJ, Garcia Del Blanco B, Zajarias A,
Lisko JC, Hayek S, Babaliaros V, Le Ven F, Gleason TG, Chakravarty
T, Szeto WY, Clavel MA, de Agustin A, Serra V, Schindler JT, Dahou
A, Puri R, Pelletier-Beaumont E, Côt�e M, Pibarot P, Rod�es-Cabau J.
Transcatheter aortic valve replacement in patients with low-flow, low-
gradient aortic stenosis: The TOPAS-TAVI registry. J Am Coll Car-
diol 2018;71:1297–1308.

22. Rockey DC, Cello JP. Evaluation of the gastrointestinal tract in
patients with iron-deficiency anemia. N Engl J Med 1993;329:1691–
1695.

23. Guralnik JM, Eisenstaedt RS, Ferrucci L, Klein HG, Woodman RC.
Prevalence of anemia in persons 65 years and older in the United
States: evidence for a high rate of unexplained anemia. Blood
2004;104:2263–2268.

24. Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med
2005;352:1011–1023.

25. Kleczynski P, Dziewierz A, Bagienski M, Rzeszutko L, Sorysz D, Tre-
bacz J, Sobczynski R, Tomala M, Stapor M, Dudek D. Association
between blood transfusions and 12-month mortality after transcatheter
aortic valve implantation. Int Heart J 2017;58:50–55.

26. Koster A, Zittermann A, Gummert J, B€orgermann J. Transfusion of
small amounts of leucocyte-depleted red blood cells and mortality in
patients undergoing transapical transcatheter aortic valve replacement.
Interact Cardiovasc Thorac Surg 2016;23:326–328.

27. Konigstein M, Havakuk O, Arbel Y, Finkelstein A, Ben-Assa E,
Aviram G, Hareuveni M, Keren G, Banai S. Impact of hemoglobin
drop, bleeding events, and red blood cell transfusions on long-term
mortality in patients undergoing transaortic valve implantation. Can J
Cardiol 2016;32:1239. e9−1239.e14.

http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0008
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0009
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0009
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0009
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0009
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0010
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0011
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0011
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0011
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0011
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0011
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0012
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0013
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0014
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0014
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0014
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0014
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0015
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0016
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0016
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0016
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0016
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0016
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0017
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0018
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0019
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0020
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0021
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0022
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0022
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0022
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0023
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0023
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0023
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0023
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0024
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0024
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0025
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0025
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0025
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0025
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0026
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0026
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0026
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0026
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0026
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0027
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0027
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0027
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0027
http://refhub.elsevier.com/S0002-9149(18)31972-6/sbref0027
www.ajconline.org

	Meta-Analysis of Impact of Anemia and Hemoglobin Level on Survival After Transcatheter Aortic Valve Implantation
	Methods
	Results
	Discussion
	Disclosures
	Supplementary Data


